Rupture history of the
San Andreas fault in
the Carrizo Plain:
Implications for fault
models and seismic
hazard

Presented by
Lisa Grant Ludwig

Contributors
Sinan O. Akciz
J Ramon Arrowsmith

Olaf Zielke

Gabriela R. Noriega
Supported by:

s¢feC ZUSGS

ERT Univ Tokyo March 16, 2010



San Andreas fault in California

SAN ANDREAS FAULT

* Major plate
boundary fault

» Important
natural
laboratory for
fault and fault | =48
system behavior | ==

+ Seismic hazard ‘
and risk

from Rymer et al., 2002




Slip in the 1857 and Earlier Large Earthquakes Along the Carrizo Plain, San Andreas
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Century-long average time intervals between ruptures of
the San Andreas fault in the Carrizo Plain
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Recurrence Interval data from southern San Andreas Fault
from UCERF 2 Appendix B

246 yrs. [3]
e

average interval

no. of intervals

235 yrs. [5]**

Wallace Creeky b, Bidart

Phelan Fan &Creeks® VMR \/__
1 32 yl"S. [9]* San Em\gd o \Fra{Mt \ \\\

Littlerock

98 yrs. [14] «—Z,W*\.X\\\

154 yrs. [6] o Pnge Creenegro e
’]69 yrS [2] B\ Thousand Pa\ms %%a;ghella
176 yI’S [6 \\\SaltCreek

236 yrs. [4]
246 yrs. [3] \\

** combined records from Grant & Sieh (1994), Liu et al. (2004), and Sims (1994)
* from Sieh et al., 1989



CALIFORNIA FAULTS
Probability of M=6.7 Earthquake
5. San Andreas
0“— 59%
aHayv.ra:'ci-Ro::igers Creek
’ i 3%
San Jacinto
. H 1%
N. San Andreas
21%
Elsinore
O 1%

Calaveras
7%

Garlock

Q =«

30-Year
Earthquake
Probability

-0.001%

el science for & chamging work
an S+ LISIGS corser




M, 7.8 ‘ShakeOut’ Scenario (Nov. 2008)
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CALIFORNIA AREA
EARTHQUAKE PROBABILITIES

6.7 >99%
7.0 94%
7.5 46%
8.0 4%

¥ Probabilities do not include the
Cascadia Subduction Zone.
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(Working Group on Calif. Earthquake Probabilities, 1988)
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Summary of Carrizo, WGCEP 1988

* Large magnitude, large slip (9.5 - 12.3
m)

* Long rupture length

* Characteristic EQ and segment
models






Cumulative Number > M per Year
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Implications

» Carrizo segment controls occurrence
of largest 1857-type EQs

» Smaller or larger than 1857 M
Carrizo EQs not likely



Seismicity and strain

1857 SLIP FUNCTION

(modified from =

900 to October 2009)
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BIDART FAN

Research Goals:

*Expand paleoearthquake record
*Obtain ages of piercing lines
*Obtain slip per-event

Methods:

*Lots of trenches

*C14 dating

Paleoclimate record

*Detailed "B4" Lidar data analysis




Data collection




6 Ruptures A.D. 1360 - 1857 in Filled Sag Pond
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1510-1612




Events Dates Events Dates
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From Akciz et al., 2009

New earthquake chronology at the Bidart Fan Site.
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Carrizo Plain, 1857 Offsets
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FAULT SEGMENTATION
SAN ANDREAS SEGMENT MODEL

PORTRERD THREE
POINTE

CAJON

| . LREEK

(modified from Sieh, 1978)

cumulative slip —»

a) variable slip model

Observations

» variable displacement per event
at a point

» constant slip rate along length

» variable earthquake size

distance along fault

cumulative slip —»

b} uniform slip model

» constant displacement per event
at a point

» constat slip rate along length

= constant size large earthquakes:
more frequent moderate earthquakes

dlSlal'lEE along fault

cumulative slip —=

c) characteristic earthquake model

wconstant displacement per event
at a point

»yariable slip rate along length

sconstant size large earthquakes:
infrequent moderate earthquakes

distance along fault

+ ¢ Offsets (Sieh, 1978)

o + o4 @ Offsets (this study)

combined surface
slip distribution

Zielke et al. 2010




Bidart Fan southeast channel is offset ~10 m
How many earthquakes?
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Bidart Fan Rupture Events
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Bidart Fan Rupture Events
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Cumulative Number > M per Year

What does new Carrizo data suggest?

From Schwartz & Coppersmith, 1984
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Frequent, >M6 earthquakes in the Carrizo



Most recent ruptures
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1857 AD
1906 AD
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SUMMARY

- At Bidart Fan San Andreas Fault ruptured 7 times
between 1310+30 AD and 1857.

* Mean interval is 88 + 41 years since 1360.
- Slip per earthquake was variable, not characteristic
+ 1857 and penultimate rupture each ~ 5 m slip

* Repetition of 1857-like ruptures is possible, but
smaller magnitude or different rupture pattern also
occurred.

* No compelling evidence for Carrizo "segment” as
defined by slip gradients and different recurrence

intervals.



Conclusions and Questions

* Large magnitude, large slip and smaller slip
earthquakes (variable slip)

- Current strain accumulation ~equal to maximum
released (in 1857).

* Rupture average recurrence 88+41 yrs
+ Elapsed time since 1857 is 153 yrs
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